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1
SEMICONDUCTOR DEVICE HAVING A
GATE AND A CONDUCTIVE LINE IN A

PILLAR PATTERN

CROSS-REFERENCE TO RELATED
APPLICATION

The priority of Korean patent application No. 10-2012-
0015521 filed on 15 Feb. 2012, the disclosure of which is
hereby incorporated in its entirety by reference, is claimed.

BACKGROUND OF THE INVENTION

Embodiments of the present invention relate to a semicon-
ductor device and a method for manufacturing the same, and
more particularly to a semiconductor device including a ver-
tical gate and a method for manufacturing the same.

As the integration degree of a semiconductor device
increases, the channel length of a transistor gradually
decreases. However, the reduction in channel length of the
transistor may result in a Drain Induced Barrier Lowering
(DIBL) phenomenon, a hot carrier effect, and other short
channel effects, such as punch-through. In order to solve such
problems, a variety of methods have been proposed, includ-
ing for example, a method for reducing the depth of a junction
region, a method for increasing channel length by forming a
recess in the channel region of a transistor, and the like.

However, as the integration density of a semiconductor
memory device, and more particularly, of a Dynamic Random
Access Memory (DRAM), approaches Gigabits, it is neces-
sary to manufacture a smaller-sized transistor. That is, a tran-
sistor of a gigabyte DRAM device requires a cell area of 8F2
orless (F: minimum feature size), and a cell area of about 4F2.
Therefore, although the channel length may be scaled using a
planar transistor in which a gate electrode is formed over a
semiconductor substrate and a junction region is formed at
both sides of the gate electrode, it is difficult to satisfy these
size requirements. In order to solve the above-mentioned
problem, a vertical channel transistor structure has recently
been proposed.

However, a vertical channel transistor structure according
to the related art causes a floating body effect in which a body
is electrically separated from the silicon substrate by a source/
drain junction region located at a lower end of a vertical gate
as the line width of the device is reduced. If the floating body
effect occurs, the cell threshold voltage of the transistor is
lowered by ahole over the body, which results in deterioration
of the refresh properties of the semiconductor device.

BRIEF SUMMARY OF THE INVENTION

Various embodiments of the present invention are directed
to providing a semiconductor device and a method for manu-
facturing the same that substantially obviate one or more
problems due to limitations and disadvantages of the related
art.

An embodiment of the present invention relates to a semi-
conductor device including a vertical gate and a method for
manufacturing the same, which prevents a floating body phe-
nomenon, thereby increasing a cell threshold voltage and
reducing leakage current, resulting in improved refresh prop-
erties of the semiconductor device.

In accordance with an aspect of the present invention, a
plurality of pillar patterns, including first pillar patterns
arranged along a first direction and second pillar patterns
arranged along a second direction, formed over a semicon-
ductor substrate; a gate extending in the first direction,
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2

arranged along sidewalls of the first pillar patterns, and con-
figured to couple the first pillar patterns; a junction region
formed in an upper portion of the pillar patterns; and a con-
ductive line arranged along the sidewalls of the first pillar
patterns and provided in a region disposed below the junction
region and over the gate.

The device may further include a bit line formed in a lower
region between the first pillar patterns, the bit line extending
in the second direction, wherein the second direction is per-
pendicular to the first direction.

The gate and the conductive line are formed as lines, and
wherein the gate and the conductive line extend in the first
direction.

The conductive line is formed of a p-type polysilicon layer.

The device may further include a p-type junction region
formed in a region of the pillar patterns that is coupled to the
conductive line.

The conductive line is spaced apart from a top surface of
the gate by a predetermined distance.

The conductive line is spaced apart from a bottom surface
of the junction region by a predetermined distance.

The junction region is an n-type junction region.

The device may further include further comprising a stor-
age node formed over the pillar patterns and coupled to the
junction region.

In accordance with another aspect of the present invention,
amethod for manufacturing a semiconductor device, includes
forming a plurality of pillar patterns, including first pillar
patterns arranged along a first direction and second pillar
patterns arranged along a second direction, by etching a semi-
conductor substrate; forming a gate extending in the first
direction, disposed over sidewalls of the first pillar patterns,
and configured to couple the first pillar patterns; forming a
conductive line disposed over the gate and arranged along the
sidewalls of the first pillar patterns; and forming a first junc-
tion region in an upper portion of the pillar patterns, a lower
surface of the first junction region being disposed at a higher
level than an upper surface of the conductive line.

The method may further include forming a bit line conduc-
tive material over the semiconductor substrate including the
pillar patterns; and etching the bit line conductive material to
form a bit line in a lower region between the first pillar
patterns, the bit line extending in the second direction,
wherein the first direction is perpendicular to the second
direction.

The method further comprising forming a first insulating
film over a portion of the semiconductor substrate disposed
between the first pillar patterns and disposed over the bit line.

The gate includes: forming a gate conductive material over
the first insulating film between the first pillar patterns; form-
ing a spacer over the gate conductive material at an upper
portion of the sidewalls of the first pillar patterns; and etching
the gate conductive material using the spacer as an etch mask.

The method further comprising: forming a gate insulating
film over the sidewalls of the first pillar patterns before form-
ing the gate conductive material.

The method further comprising: forming a second insulat-
ing film over the portion of the semiconductor substrate dis-
posed between the first pillar patterns and over the gate.

Forming the conductive line includes: forming a polysili-
con layer over the pillar patterns and the second insulating
film; and etching the polysilicon layer so that the polysilicon
layer remains at a predetermined thickness over the insulating
film.

The polysilicon layer is a p-type polysilicon layer.
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The method further comprising: forming a second junction
region in a portion of the pillar patterns coupled to the con-
ductive line by implementing a thermal treatment process.

Forming the first junction region includes implanting
n-type ions into an upper surface of the pillar patterns.

Forming a storage node over the pillar patterns after form-
ing the first junction region, the storage node being coupled to
the first junction region.

It is to be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1(i) is perspective view illustrating a semiconductor
device according to an embodiment of the present invention.
FIG. 1(ii) is a cross-sectional view of the semiconductor
device of FIG. 1(i) taken along X-X'. FIG. 1(iii) is a cross-
sectional view of the semiconductor device of FIG. 1() taken
along Y-Y".

FIGS. 2A to 2Q are perspective and cross-sectional views
illustrating a method for manufacturing a semiconductor
device according to an embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

Reference will now be made in detail to the embodiments
of the present invention, examples of which are illustrated in
the accompanying drawings. Wherever possible, the same
reference numbers will be used throughout the drawings to
refer to the same or like parts.

A semiconductor device and a method for manufacturing
the same according to the embodiments of the present inven-
tion will hereinafter be described with reference to the accom-
panying drawings.

FIG. 1(i) is a perspective view illustrating a semiconductor
device according to an embodiment of the present invention.
FIG. 1(ii) is a cross-sectional view of the semiconductor
device of FIG. 1(i) taken along X-X'. FIG. 1(iii) is a cross-
sectional view of the semiconductor device of FIG. 1() taken
along Y-Y'. A semiconductor device according to an embodi-
ment of the present invention, which includes a vertical gate,
will hereinafter be described with reference to FIG. 1.

First, a bit line 131 is provided between line patterns 110,
which are formed by etching a semiconductor substrate 100.
The bit line 131 may extend along the same direction as the
line Y-Y'. A plurality of pillar patterns 110a are provided over
the line patterns 110. The pillar patterns 110qa are formed by
etching the line patterns 110 and are spaced apart from one
another by a constant distance. In an embodiment, a gate 143a
is provided between the pillar patterns 110q arranged along
the line Y-Y'. The gate 143a may be arranged along the line
X-X', i.e., in a direction that is perpendicular to the bit line
131. Thus, the gate 143a may couple the pillar patterns 110a
arranged along the line X-X'.

An insulating film 160 is formed in a region between the
pillar patterns 110 and adjacent gates 143a disposed at the
sidewalls of the pillar patterns 110a. A conductive line 165 is
provided over the insulating film 160. Preferably, the conduc-
tive line 165 extends in a direction parallel to the gate 143a,
i.e. along the line X-X', and is formed of p-type polysilicon.
Although a body contact is not separately illustrated in the
drawing, preferably, a body contact may be coupled to the
conductive line 165. A body bias may be applied through the
body contact. The location of the body contact is not limited
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4

to a specific region, and may be formed in any region where a
relatively large space can be secured.

A junctionregion 173, which will be used as a storage node
contact, is provided in an upper region of the pillar patterns
110a. A storage node 175 is provided over the pillar patterns
110a and is coupled to the junction region 173.

As described above, when applying a bias to the conductive
line 165, located between the gate 1434 and the junction
region 173 for a storage node contact 175, it is possible to
prevent a floating body effect. This may increase the cell
threshold voltage, which is typically very low in a vertical
gate, thereby reducing leakage current and improving refresh
properties of the semiconductor device.

A method for manufacturing the semiconductor device
having the above-described configuration according to an
embodiment of the present invention will hereinafter be
described with reference to FIGS. 2A to 2Q. Referring first to
FIG.2A, a plurality of line patterns 210, which define aregion
where a buried bit line will be formed, are formed by etching
a semiconductor substrate 200. The line patterns 210 extend
along the direction of the line Y-Y". Next, a first liner insulat-
ing film 215 is deposited over a surface of the semiconductor
substrate 200 including the line patterns 210. In an embodi-
ment, the first liner insulating film 215 is preferably formed of
amaterial including an oxide film and the thickness of the first
liner insulating film 215 is preferably in the range of 80 to
120.

Referring to FIG. 2B, a first bit line conductive layer 220 is
formed over the entirety of the resulting structure, including
the line patterns 210 over which the first liner insulating film
215 has been formed. In an embodiment, the first bit line
conductive layer 220 is preferably formed of any of titanium
(T1), titanium nitride (TiN), cobalt, or a combination thereof,
in order to reduce a resistance of the entire bit line. The first bit
line conductive layer 220 is etched by an etch-back process,
so that the first bit line conductive layer 220 remains only at a
bottom region between the line patterns 210.

Next, a second bit line conductive layer 223 is formed over
the first liner insulating film 215 and the first bit line conduc-
tive layer 220. Preferably, the second bit line conductive layer
223 is formed of a doped polysilicon layer. Subsequently, the
second bit line conductive layer 223 is etched by an etch-back
process, so that the second bit line conductive layer 223
remains in a lower region between the line patterns 210 and
over the first bit line conductive layer 220. Here, the top ofthe
second bit line conductive layer 223 corresponds to a position
of the top of a sidewall contact that will be formed in a
subsequent process.

Referring to FIG. 2C, portions of the first liner insulating
film 215 exposed after the second bit line conductive layer
223 is partially etched and disposed at the sidewalls and the
top of each line pattern 210, is partially removed. The partial
removal of portions of the first liner insulating film 215 may
be achieved by a cleaning process. In an embodiment, about
50% of the initially formed thickness of the first liner insu-
lating film 215 may be removed until about 50% of an initially
formed thickness is removed. For example, the thickness of
the first liner insulating film 215 remaining after the cleaning
process may range from 40 A to 60 A. Further, in an embodi-
ment, a portion of the first liner insulating film 215 disposed
between the line pattern 210 and a sidewall of the second bit
line conductive layer 223 may also be partially removed,
depending on the implementation time of the cleaning pro-
cess. In an embodiment, when a portion of the first liner
insulating film 215 located at the sidewall of the second bit
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line conductive layer 223, it may be removed to a depth
ranging from about 250 A to 300 A from the top of the second
bit line conductive layer 223.

Subsequently, a second liner insulating film 225 is depos-
ited over surfaces of the first liner insulating film 215 and the
second bit line conductive layer 223. Preferably, the second
liner insulating film 225 is formed of a material including a
nitride film. Thereafter, the second liner insulating film 225
disposed over the line patterns 210 and over the second bit
line conductive layer 223 is removed by an etch-back process
so that the second liner insulating film 225 remains only at the
atthe sidewalls of each line pattern 210 over the surface of the
first liner insulating film 215.

Referring to FIG. 2D, an upper portion of the second bit
line conductive layer 223 is etched, so that a portion of the first
liner insulating film 215 between the second bit line conduc-
tive layer 223 and the second liner insulating film 225 is
exposed. Here, the height of the top of the second bit line
conductive layer 223 remaining after the etch-back process
corresponds to a position of the bottom of the sidewall contact
that will be formed in a subsequent process. In an embodi-
ment, it is necessary to maintain a constant etch rate of the
second bit line conductive layer 223, in order to prevent the
first bit line conductive layer 220 below the second bit line
conductive layer 223 from being exposed.

Referring to FIG. 2E, a sacrificial conductive film (not
shown) is formed to expose a bottom portion of the first liner
insulating film 215 and the second liner insulating film 225
present at one sidewall of each line pattern 210. A portion of
the first liner insulating film 215 is removed to expose a
portion of one sidewall of the line pattern 210. The exposed
line pattern 210 forms a sidewall contact 229. Since the first
liner insulating film 215 is formed of an oxide based material
and the second liner insulating film 225 is formed of a nitride
based material, the second liner insulating film 225 may
remain rather than being removed.

Subsequently, a third bit line conductive layer 230 is
formed over the entirety of the resulting structure, including
the line patterns 210 at which the sidewall contacts 229 have
been formed. Preferably, the third bit line conductive layer
230 is formed of the same material as the second bit line
conductive layer 223, i.e. a doped polysilicon layer. Thereat-
ter, the third bit line conductive layer 230 is partially etched
by an etch-back process, so that the third bit line conductive
layer 230 remains over the second bit line conductive layer
223 in a lower region between the line patterns 210, so as to
form a buried bit line 231.

Next, ions are implanted into the second bit line conductive
layer 223 and the third bit line conductive layer 230 of the
buried bit line 231, so that a bit line junction region 235 is
formed in each line pattern 210. In an embodiment, the bitline
junction region 235, formed via the sidewall contact 229 that
is formed only at one side of the line pattern 210, extends
along the length of the line pattern in the direction of the line
Y-Y'.

Next, referring to FIG. 2F, a capping layer 232 is deposited
over the entire surface including the line patterns 210 and the
third bit line conductive layer 230. Then, a first insulating film
237 is formed over the entirety including the line patterns 210
over which the capping layer 232 has been formed, Thereat-
ter, a planarization process is implemented until the first liner
insulating film 215 disposed over a top surface of the line
patterns 210 is exposed. The first insulating film 237 is further
etched by an etch-back process, so that the capping layer 232
disposed over a lateral surface of an upper portion of each line
pattern 210 is exposed. In an embodiment, the first insulating
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film 237 is formed of an oxide film, for example, a Spin On
dielectric (SOD) film, having excellent burying properties.

Next, after a second insulating film 240 is formed over the
first insulating film 237, a planarization process is imple-
mented until the first liner insulating film 215 disposed over a
top surface of each line pattern 210 is exposed. The second
insulating film 240 may be formed of a nitride film. The first
insulating film 237, formed of an oxide film, is formed below
the second insulating film 240, formed of a nitride film,
because the difference in etch selectivity between a silicon
layer and an oxide film is greater than the difference in etch
selectivity between a silicon layer and a nitride film. This
difference in etch selectivity may be utilized in a subsequent
process of etching the line patterns 210, i.e. the silicon layer.

Referring to FIG. 2G, a mask pattern 242 defining a vertical
gate is formed over the second insulating film 240 and the line
patterns 210. Preferably, the mask pattern 242 is configured in
the form ofa line, and extends in the same direction as the line
X-X', which is perpendicular to the buried bit line 231.

Referring to FIG. 2H, an upper portion of each line pattern
210, the second insulating film 240, and a portion of the first
insulating film 237 are etched using the mask pattern 242 as
an etch mask, to form pillar patterns 210a. Then, the mask
pattern 242 is removed.

Referring to FIG. 21, a gate insulating film (not shown) is
formed over surfaces of the first insulating film 237 and the
pillar patterns 210a. Also, a gate conductive material 243 is
formed over the entire resulting structure, including the gate
insulating film. The gate conductive material 243 may be
formed of any of a titanium nitride film, tungsten, or a com-
bination thereof. In an embodiment, assuming that the gate
conductive material 243 is formed of a titanium nitride film,
it is preferable that the source gas be TiCl,, TDMAT(Ti(N
[CH;],).,), or a combination thereof. In another embodiment,
assuming that the gate conductive material 243 is formed of
tungsten, it is preferable that the source gas be WF, B,BH,,
H,, or SiH, and that Chemical Vapor Deposition (CVD)
equipment for a thermal treatment be used.

In an embodiment, the gate conductive material 243 may
be in the form of a liner and may be formed only over a surface
of the gate insulating film (not shown). If the gate conductive
material 243 is configured in the form of a liner as described
above, a subsequent spacer etching process may be omitted.

Referring to FIG. 23, an etch-back process is implemented
so that the gate conductive film 243 having a predetermined
thickness remains over the first insulating film 237 and
between the pillar patterns 210a. Then, a spacer material is
deposited over the entire structure including the pillar pat-
terns 210q and the gate conductive film 243. Next, an etch-
back process is implemented to form a spacer 250 over the
surface of the gate insulating film (not shown) disposed over
the sidewalls of each pillar pattern 210a. The spacer material
may be formed of any of an oxide film, a nitride film, or a
combination thereof. Preferably, a nitride film and an oxide
film are sequentially formed to form the spacer material. In an
embodiment, the thickness of the spacer material may corre-
spond to a width of a gate that will be formed in a following
process.

Referring to FIG. 2K, the gate conductive film 243 is
etched using the spacer 250 as an etch mask, so that a gate
243aq is formed at the sidewall of each pillar pattern 210a.
Subsequently, after removing the spacer (not shown), a cap-
ping layer 255 is formed over the gate 243a and the surface of
the sidewalls of pillar pattern 210a. Preferably, the capping
layer 255 is formed of a nitride film.

Referring to FIG. 2L, a third insulating film 260 is formed
over the first insulating film 237, the gate 243a, and the
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capping layer 255. The third insulating film 260 may be
formed of any of an oxide film, a nitride film, or a combination
thereof.

Referring to FIG. 2M, an upper portion of the third insu-
lating film 260 is etched by an etch-back process, so that an
upper portion of each pillar pattern 210a protrudes. In an
embodiment, the third insulating film 260 preferably may be
etched to a depth that is within a range that ensures that the
gate 243a is not exposed.

Referring to FIG. 2N, portion of the capping layer 255,
exposed after the etch-back process is performed on the third
insulating film 260, is removed. The capping layer 255 may
be removed by a wet etching method. The wet etching method
may be implemented using, e.g., a phosphoric acid solution.
As the capping layer 255 is removed, a silicon layer of the
pillar pattern 210aq is exposed.

Referring to FIG. 20, a conductive layer is formed over the
entire resulting structure, including the third insulating film
260. In an embodiment, the conductive layer is preferably a
p-type polysilicon layer. Next, a planarization process is
implemented to etch the conductive layer until the upper
portion of each pillar pattern 210qa protrudes. Thereafter, the
conductive layer may be further etched, so that the conductive
layer remains at a predetermined thickness over the third
insulating film 260 between the pillar patterns 210a. The
remaining conductive layer is referred to as a conductive line
265.

When p-type ions of the conductive line 265 are moved to
the pillar pattern 210a, which comes into contact with the
conductive line 265, a p-type junction region is formed (not
shown). The p-type junction region may be formed by imple-
menting a thermal treatment process with respect to the con-
ductive line 265. The thermal treatment process may be
implemented after a storage node contact is formed in a
subsequent process. As a result of forming the conductive line
265 using the p-type polysilicon layer described above, it is
possible to apply a body bias to the p-type semiconductor
substrate. Although a body contact is not separately illus-
trated in the drawings, preferably a body contact is coupled to
the conductive line 265 and a body bias is applied through the
body contact. The location of the body contact is not limited
to a specific region, and may be formed in any region where a
relatively large space can be secured.

Referring to FIG. 2P, a fourth insulating film 270 is formed
over the entire resulting structure including the conductive
line 265. Thereafter, a planarization process is implemented
until an upper surface of each pillar pattern 210aq is exposed.
Then, ions are implanted into the exposed upper surface of the
pillar pattern 210a, to form storage node junction regions 273,
which will serve as storage node contacts. In an embodiment,
the storage node junction regions 273 are formed by implant-
ing n-type ions. A thermal treatment process may be imple-
mented to form the storage node junction regions 273. During
the thermal treatment process, the p-type ions of the previ-
ously formed conductive line 265 may move into the pillar
patterns 210aq.

Referring to FIG. 2Q), storage nodes 275 coupled to the
storage node junction regions 273 are formed over the pillar
patterns 210a. The storage nodes 275 may have a cylinder
shape or a concave shape, but are not limited thereto.

As is apparent from the above description, according to an
embodiment of the present invention, the conductive line 265,
formed of a p-type polysilicon layer, is formed between the
vertical gate and the storage node junction region 273, and a
bias is applied to the conductive line 265 to remove a hole
formed in the pillar pattern 210a. This configuration can
prevent a floating body phenomenon. As a result, a cell
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threshold voltage, which is very low in a vertical gate, can be
increased via a body bias, and leakage current can be reduced,
resulting in improved refresh properties of the device.

The above embodiments of the present invention are illus-
trative and not limitative. Various alternatives and equivalents
are possible. The invention is not limited by the type of
deposition, etching polishing, and patterning steps described
herein. Nor is the invention limited to any specific type of
semiconductor device. Other additions, subtractions, or
modifications are obvious in view of the present disclosure
and are intended to fall within the scope of the appended
claims.

What is claimed is:

1. A semiconductor device comprising:

a plurality of pillar patterns, including first pillar patterns
arranged along a first direction and second pillar patterns
arranged along a second direction, formed over a semi-
conductor substrate;

a gate extending in the first direction, arranged along side-
walls of the first pillar patterns, and coupling the first
pillar patterns;

a junction region disposed in an upper portion of the pillar
patterns; and

a conductive line extending in the first direction and dis-
posed directly on sidewalls of the first pillar patterns, the
conductive line provided in a region laterally adjacent to
the junction region,

wherein a bottom surface of the conductive line is disposed
above a top surface of the gate,

wherein the gate is not electrically coupled to the conduc-
tive line, and,

wherein the conductive line removes a hole formed in the
first pillar patterns and the second pillar patterns.

2. The semiconductor device according to claim 1, further
comprising a bit line formed in a lower region between the
first pillar patterns, the bit line extending in the second direc-
tion,

wherein the second direction is perpendicular to the first
direction.

3. The semiconductor device according to claim 1, wherein
the gate and the conductive line are formed as lines, and
wherein the gate and the conductive line extend in the first
direction.

4. The semiconductor device according to claim 1, wherein
the conductive line is formed of a p-type polysilicon layer.

5. The semiconductor device according to claim 1, further
comprising a p-type junction region formed in a region of the
pillar patterns that is coupled to the conductive line.

6. The semiconductor device according to claim 1, wherein
the conductive line is spaced apart from a top surface of the
gate by a predetermined distance.

7. The semiconductor device according to claim 1, wherein
the conductive line is spaced apart from a bottom surface of
the junction region by a predetermined distance.

8. The semiconductor device according to claim 1, wherein
the junction region is an n-type junction region.

9. The semiconductor device according to claim 1, further
comprising a storage node formed over the pillar patterns and
coupled to the junction region.

10. The semiconductor device according to claim 1, further
comprising a capping layer extending in the first direction,

wherein the capping layer is disposed between the top
surface of the gate and the bottom surface of the con-
ductive line.

11. The semiconductor device according to claim 10,
wherein the capping layer has an L-shaped cross-section.
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12. The semiconductor device according to claim 10,
wherein the capping layer has an L.-shaped cross-section, and
wherein a bottom surface of the capping layer is in direct
contact with the top surface of the gate and a top surface
of'the capping layer is in direct contact with the bottom 5
surface of the conductive line.
13. The semiconductor device according to claim 1,
wherein a sidewall of the conductive line is in direct contact
with the sidewalls of the first pillar patterns.
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